Exit of CrossBoss between stent struts within chronic total occlusion to subintimal space: Completion of case via retrograde approach with rendezvous in coronary  by Ntatsios, Antonios & Smith, William Howard Thornton
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a  b  s  t  r  a  c  t
We  present  a case  of  successful  percutaneous  revascularization  of  a chronic  total  coronary  occlusion  due
to  in-stent  restenosis.  The  CrossBoss  catheter  (BridgePoint  Medical,  Minneapolis,  MN, USA)  was  used
initially  because  it is reported  to be  effective  in this  setting  with  a low  risk  of  exiting  occluded  stents.
To  the  best  of  our knowledge,  this  is the  ﬁrst  reported  case  of a CrossBoss  penetrating  through  stent
struts  into  the subintimal  space.  The  case  was completed  via  the  retrograde  approach  with  ‘rendezvouseywords:
hronic total coronary occlusion
estenosis
rossBoss catheter
etrograde approach
in  coronary’.
<Learning  objective:  Recognize  the  potential  of the  CrossBoss  catheter  to exit  between  stent  struts
within  chronic  total  occlusions.  Appreciate  the need  to  check  the  position  of the  CrossBoss  catheter  with
respect  to  stents  within  a  chronic  total  occlusion.  Identify  the potential  for  ‘rendezvous  in coronary’
within  the  subintimal  space  with  the  CrossBoss  catheter  and  a retrograde  guidewire.>
Crown  Copyright  © 2014  Published  by Elsevier  Ltd  on behalf  of  Japanese  College  of Cardiology.  Allntroduction
Data are limited regarding the best approach to percutaneous
reatment of chronic total occlusions (CTO) due to in-stent resteno-
is (ISR). It has recently been suggested that the CrossBoss catheter
BridgePoint Medical, Minneapolis, USA) may  be used to progress
fﬁciently through the occluded segment and be less likely to exit
he stent than traditional coronary wires [1].
ase report
A 47-year-old male with vascular risk factors of hypertension,
ypercholesterolemia, and type 2 diabetes requiring insulin pre-
ented with Canadian Cardiovascular Society (CCS) class 3 stable
ngina and breathlessness. He had a background of percutaneous
ntervention (PCI) to the right coronary artery (RCA) in 2005, seven
ears previously. At this previous procedure, three overlapping
tents were implanted in the RCA. Proximally, a 3 mm × 32 mm
axus (Boston Scientiﬁc, Natick, MA,  USA), next a 3 mm × 8 mm
axus, and distally, a 2.75 mm × 12 mm Driver stent (Medtronic,
inneapolis, MN,  USA). Subsequently he underwent coronary
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artery bypass grafting a year later with saphenous vein grafts to
the RCA and circumﬂex arteries because of continued difﬁculty in
breathing and failure of a subsequent attempt at PCI to the smaller,
non-dominant circumﬂex.
In  2012, diagnostic coronary angiography revealed occlusion of
both the native RCA and its saphenous vein graft. The circumﬂex
was also occluded as before and its saphenous vein graft had also
occluded. The duration of RCA occlusion is likely to be between 18
months (duration of more severe symptoms) and seven years (date
of RCA PCI). The proximal cap of the RCA CTO appeared to be within
the proximal stented segment, with the distal cap being more distal
in the native artery (Fig. 1 and Video 1). Cardiac magnetic resonance
imaging showed viable myocardium in both RCA and circumﬂex
territories with only limited subendocardial infarction present. We
did not undertake multislice computed tomography. The distribu-
tion of the dominant RCA was  considered signiﬁcantly greater than
that of the occluded circumﬂex so the RCA was  targeted ﬁrst for
revascularization.
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jccase.
2014.01.004.
Bifemoral access was used with 8F FR4 Mach I (Boston Sci-
entiﬁc) and 8F EBU 3.5 Launcher (Medtronic) guide catheters. A
Whisper MS  wire (Abbott Vascular, Santa Clara, CA, USA) was used
initially, but failed to enter the occlusion. A CrossBoss catheter
(Boston Scientiﬁc) was  advanced over the Whisper wire and
after withdrawing the Whisper wire so that the blunt tip of the
half of Japanese College of Cardiology. All rights reserved.
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Fig. 1. (A) Diagnostic coronary angiography demonstrated occlusive in-stent restenosis with ipsilateral and contralateral collaterals (arrows show proximal and distal edges
o  the c
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apid  rotation, it progressed with relative ease toward the distal vessel. (D) ‘Rende
etrograde wire into the CrossBoss (the arrow is at the level of the CrossBoss tip).
rossBoss was leading, the CrossBoss was rotated rapidly with
entle forward pressure. The CrossBoss engaged the CTO, but met
esistance after 5–10 mm.  A Pilot 200 wire (Abbott Vascular) was
hen introduced but that also failed to advance either conven-
ionally or with a knuckle so this wire was withdrawn. Following
urther rapid rotation with increased forward pressure, the Cross-
oss progressed with relative ease toward the distal cap. At no
oint was guiding catheter support augmented with an anchor
alloon or guiding catheter extension. Since it was  not possi-
le to advance the Whisper into the distal true lumen (Video
), we elected to secure the true distal lumen via a retrograde
pproach.
Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.jccase.
014.01.004.
Retrograde access to the distal RCA was gained via the left
oronary artery using a Whisper wire and a Corsair micro-
atheter (Asahi Intecc, Aichi, Japan) to access the second septal
ranch of the left anterior descending artery before exchang-
ng to a Sion wire (Asahi Intecc), which was used to negotiate
he septal collateral channel to reach the posterior descending
ranch of the RCA (Video 3) using a septal ‘surﬁng’ technique
without guidance from a microcatheter tip injection). The Cor-
air catheter was then advanced using gentle forward pressure
nd rotation (anticlockwise:clockwise ratio 4:1) to reach a posi-
ion immediately distal to the distal cap of the occlusion. An
ngiogram of a tip injection was taken (Video 4). A Pilot 200
ire was advanced retrogradely, tip ﬁrst, without knuckling into
he body of the CTO and in view of its close proximity to the
ip of the CrossBoss catheter we attempted to engage the distalhronic total occlusion, but stopped advancing after 5–10 mm.  (C) Following further
’ in the distal right coronary artery. Favorable alignment and advancement of the
end  of the anterograde CrossBoss with the tip of the retrograde
wire (Rendezvous technique, Video 5). With minimal manipula-
tion this was  achieved and the Pilot 200 wire was subsequently
advanced with ease into the anterograde guide catheter. The
CrossBoss was  then retracted; the Corsair was  advanced into the
anterograde guide and an RG3 guidewire (Asahi Intecc) was  exter-
nalized. Pre-dilatation was  performed with a 2.0 mm × 20 mm
Emerge balloon (Boston Scientiﬁc) advanced anterogradely over
the RG3 wire. Following this, serial dilatation was attempted
with a 3.0 mm × 20 mm Emerge balloon and two 3.5 mm × 20 mm
Quantum non-compliant balloons (Boston Scientiﬁc) all of which
ruptured at the same point in the in the proximal stented segment.
Intravascular ultrasound (IVUS) (Atlantis SR Pro 40 MHz, Boston
Scientiﬁc) revealed that the guidewire was inside the previously
implanted stents proximally, but outside distal to the point of
original resistance approximately 10–15 mm distal to the proxi-
mal edge of the 3 mm × 32 mm Taxus stent (Fig. 2 and Video 6).
It was  concluded that the balloons were bursting at the point of
stent exit, so further inﬂation of an OPN super high pressure bal-
loon (SIS-Medical AG, Winterthur, Switzerland) was  performed
to 40 atm. Three overlapping Xience drug-eluting stents (Abbott)
were implanted (3.0 mm × 23 mm distally, 3.5 mm × 38 mm mid
and 3.5 mm × 33 mm proximally) covering the entire occluded seg-
ment (Video 7). Repeat IVUS demonstrated good expansion and
apposition of the stents (Fig. 3 and Video 8). The patient was
discharged well and without complications from hospital the fol-
lowing day. At follow-up 4 months later, his angina had improved
to CCS class 1. On the account of only mild, dyspnea and a rela-
tively small distribution of the circumﬂex, medical management is
planned.
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Fig. 2. (A) Serial predilatations along the whole length of the chronic total occlusion, with three balloons bursting when inﬂated inside the proximal stent. (B) Intravascular
ultrasound (IVUS) and (C) longitudinal view (arrows corresponding to IVUS images D and E – gray line shows the entire stented segment). IVUS revealed that the guidewire
was  within the proximal portion of the previously implanted stents (D), but outside the middle and distal stented segment (E), suggesting that the CrossBoss had exited
through stent struts into the subintimal space.
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cig. 3. (A) Inﬂation of an OPN super high pressure balloon at the point of stent ex
rea product and 215 ml of contrast were used. (C) Intravascular ultrasound (IVUS)
.5  mm × 38 mm,  and 3.5 mm × 33 mm)  with the middle and distal part of the occlud
E)  IVUS image post-stent implantation in the distal RCA, also showing the old ‘crus
Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.jccase.
014.01.004.iscussion
The CrossBoss catheter is a stiff, metallic, 135 cm over-the-wire
atheter with a 1 mm blunt, hydrophilic coated distal tip, designedFinal angiographic result. Fluoroscopy time was 57 min with 21.222 cGy cm dose
udinal view after implantation of three overlapping Xience stents (3 mm × 23 mm,
nts ‘crushed’. (D) Double stent strut layer in the middle right coronary artery (RCA).
tent.
to  facilitate crossing of CTOs with rapid rotation [2]. To our knowl-
edge this is the ﬁrst report of a CrossBoss exiting stent struts. It is
possible that stent fracture caused ISR in the ﬁrst place and allowed
exit of the CrossBoss catheter, although there were no radiological
or IVUS features to suggest this (Videos 1 and 6). Another possi-
bility is that the Pilot 200 wire opened up a short track between
the stent struts, which the CrossBoss subsequently followed. We
recommend careful ﬂuoroscopic monitoring of the course of the
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retrograde approach for chronic total occlusion. J Invasive Cardiol 2010;22:86 A. Ntatsios, W.H.T. Smith / Journa
rossBoss in at least two orthogonal views, which in retrospect
uggested CrossBoss exit and subintimal path in our case.
A  modiﬁed ‘rendezvous in coronary’ technique [3] proved use-
ul in facilitating retrograde re-entry via the CrossBoss. Had this
ot been possible in a short period, reverse controlled antero-
rade and retrograde tracking could have been used. In this case,
he dense restenotic tissue within the occluded stents prevented
ollapse when excluded. This potentially increases the risk of
erforation or vessel rupture [4]. This risk may  be mitigated by
ecognizing stent exit with ﬂuoroscopy/IVUS and subsequently
voiding over-sizing or over-expanding stents implanted in the
ub-intimal space. Although the CrossBoss exited the stent, its blunt
ip allowed it to progress safely within the vessel architecture in the
ub-intimal space without causing perforation.onﬂict of interest
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